Microwave-assisted hydrodistillation was used to isolate essential oil from the leaf and stem of Ziziphora clinopodioides collected in the flowering
INTRODUCTION
The plant of Ziziphora clinopodioides (Lam.), which is a habitant of Iran, has been used in Iranian traditional medicine for treatment of some infectious conditions. Aerial parts of this plant are used as stomachic, anti-fever, anti-inflammatory, sedative and flavoring agent (1) (2) . Also, in Iran, it is added to a special cheese herby cheese, in particular in the eastern part of Iran (3) . The genus Ziziphora L. belongs to the family Labiatae, which grows wild as an endemic subspecies in many parts of Iran (4) . There are four species of the plant (Z. clinopodioides Lam., Z. capitata L., Z. persica Bunge. and Z. tenuior L.) that widespread all over Iran. The species of Z.capitata, Z. persica, Z. tenuior are annual and Z. clinopodioides is perennial (4) (5) .
A number of studies (6) (7) (8) (9) (10) (11) (12) (13) showed the oil of some Ziziphora species is rich in pulegone. The main constituents found in the oil of Z. vychodceviana and Z. persica collected from Kazakhstan were also pulegone (57.5-66%) and isomenthone (5.1-15.7%) (8) . The major constituent of Z. tenuior L. oil has been reported to be pulegone (87.1%) (9) . The essential oil of Turkish endemic Z. taurica subsp. clenioides contains pulegone (81.9%), limonene (4.5%) and piperitenone (2.3%) (10) . In the literature, there are some reports on the chemical constituents of Z. clinopodioides growing in the former USSR and west part of Turkey (12) (13) . The surveys showed that the major compounds of the essential oil were pulegone (13.2%-31.86%), 1,8-cineole (2.3%-14.5%), limonene (1.8%-10.48%), menthone (4.6%-6.73%) and isomenthone (2%-10.8%).
Microwave heating has an incontestable place in analytical and organic laboratory practices as a very effective and non-polluting method. It is applicable in sample digestion, organic synthesis, analytical chemistry, phytochemistry and food industry (14) (15) . Microwave energy, with a frequency of 2.45 GHz, is well known to have a significant effect on the rates of a variety of processes. The main reason for the increased interest lies in the much shorter operation times. Microwave-assisted extraction of natural compounds is also an alternative to conventional techniques. Essential oils are among the products which have been extracted efficiently from a variety of matrices by this method (16) .
In the present work, microwave-assisted hydrodistillation was used for isolating the stem and leaf essential oil of Z. clinopodioides obtained from two locations of the Golestan Province in Iran (Almeh and Sojogh), where people frequently use this plant in traditional medicine. The chemical composition of essential oils obtained from the plants in the flowering stage was studied by gas liquid chromatography (GLC). To the best of our knowledge, no information about the chemical composition of the essential oil of Ziziphora clinopodioides grown in Almeh (Golestan National Park) and Sojogh was published before. Therefore, these results can be considered as the first report about the subject of this study.
MATERIAL AND METHODS

Plant material and isolation
The aerial parts of the plant were collected during the flowering stage in June of 2009, in the Almeh Mountains of the Golestan National Park and Sojogh region (Golestan Province, Iran). The air-dried material (about 50 g) was cut into small pieces and moistened prior extraction by soaking in water and then allowing the excess of water to drain. This step is essential to give the material the initial moisture. The moistened plant mate-rial was hydrodistilled at the fixed power of 450 W for 30 min using a microwave distillation apparatus. The essential oils obtained were dried over anhydrous sodium sulfate and stored in a sealed vial at 4
• C until used.
Microwave extraction apparatus and procedure
Microwave extraction was carried out on a Milestone DryDist microwave apparatus. The maximum output power of the microwave apparatus was 1000 W with 2450 MHz of microwave radiation frequency. The reactor was a 500 mL short-necked flask. During the experiments, time, temperature and power were controlled using the "easy-WAVE" software package. Temperature was monitored by a shielded thermocouple (ATC-300) inserted directly into the sample container and by an external infrared (IR) sensor, and controlled by a feedback to the microwave power regulator. The experimental variables were optimized by the univariate method in order to maximize the yield of essential oil. A cooling system outside the microwave cavity condensed the distillate continuously. The condensed water was refluxed to the extraction vessel in order to provide uniform conditions of temperature and humidity for extraction. The extraction was continued at 100 o C and atmospheric pressure until no more essential oil was obtained.
Gas chromatography (GC)
The isolated oil was diluted with hexane. The GC analysis of the essential oil was carried out on a Younglin-ACM600 gas chromatograph with FID detector and a HP-5MS capillary column (30 m × 0.25 mm i.d., 0.25µm film thickness) (USA) with a 5% phenyl methyl siloxane stationary phase. Helium was used as the carrier gas at the flow rate of 0.8 mL min -1 ; split ratio was 1:30, with the injection volume of 0.2 µl (10% hexane solution). The oven temperature was held at 50 º C for 5 min, then raised to 240 º C at a rate of 
Gas chromatography/mass spectrometry (GC/MS)
For the identification of the components, GC/MS analysis was performed under the same conditions using an Agilent 6890 gas chromatograph equipped with an Agilent 5973 mass selective detector with an ionization voltage of 70 eV on a capillary column HP-5MS. The ionization source temperature was set at 220 o C.
Qualitative and quantitative analysis
The constituents of the volatile oils were identified based on their Kovats Index, calculated in relation to the retention time of a series of n-alkanes (C4-C28) as reference products, in comparison with those of the chemical compounds gathered by Adams table (17) (18) , and the similarity of their mass spectra with those gathered in the MS library (Wiley 275), or reported in the literature (19) (20) (21) (22) 
RESULTS AND DISCUSSION
The hydrodistillation of the air-dried leaf and stem of Z. clinopodioides (Lamiaceae) yielded about 0.90 and 0.44% (w/w) oil, respectively, for the samples from both locations. The oil of leaves and stems was clear yellowish. The terpenoide compositions of essential oils were analyzed by GC and GC-MS. The results showed that different terpenoids were isolated in the stem and leaf of the plants from both regions. The essential oils were characterized by a higher diversity of the terpenes in the plants collected on the Almeh than on Sojogh region. In the investigated stem samples from Sojogh and Almeh, oxygenated monoterpenes were identified as the major class of compounds, containing 8 and 4 compounds representing 22.17% and 11.15% of total oil, respectively (Table 1) . Among them, dominant were: pulegone, L-menthone and L-(-)-menthol. No significant quantitative difference in L-menthone and L-(-)-menthol between the examined samples from two regions was found. However, oxygenated monoterpene pulegone was the dominant compound in this class, and its content in the Sojogh sample (16.04%) was higher than that obtained for the Almeh sample (7.26%). Another compound which was present in an appreciable amount in the stem essential oil obtained from the Almeh sample was monterpene hydrocarbon α-fenchene (2.71%).
The results of the qualitative and quantitative analysis for the Z. clinopodioides leaf essential oil showed that twenty two and nine terpenoid compounds were identified in the Almeh and Sojogh samples, representing 53.53% and 46.76% of total oil, respectively (Table 2 ). Oxygenated monoterpene pulegone was found in a considerable amount in the essential oils, with the higher content of pulegone in the plant samples originated from Sojogh (37.80%) than in those from Almeh (18.04%). The results of this study are in accordance with the previous studies of Ziziphora species, showing also that this plant is rich in pulegone (8) (9) (10) 23) . Other representative components found in the leaf essential oil of Sojogh sample were menthol (4.37%), (+)-neo-menthol (2.15%) and L-menthone (1.13%).
The essential oil obtained from Z. clinopodioides of Almeh also contained chrysanthenone (9.75%), D-neoisomenthol (8.22%), 1,8-cineol (7.12%) and menthol (1.53%) as the most important oxygenated monoterpenes. Monoterpenic hydrocarbons such as α-pinene (1.45%), sabinene (1.34%) and ß-pinene (1.81%) in this sample were also found in appreciable amounts.
The results of the determination of chemical composition of essential oils in Z. clinopodioides from two regions of the Golestan Province revealed that in general, there are some differences in the major components, as well as in their relative contents. This may be probably due to the different environmental and genetic factors, different chemotypes and the nutritional status of the plants, as well as to other factors that can influence the oil composition. Also, chrysanthenone (9.75%) as the second major oil component of Z. clinopodioides of Almeh, found in the flowering stage of leaf, has not been identified as the oil component of the other regions or species. 
CONCLUSION
The present study has been concerned with the determination and comparison of the chemical composition of stem and leaf essential oils of Z. clinopodioides, collected in the flowering phase on two locations, Almeh (Golestan National Park) and Sojogh in the Golestan Provine (Iran). The total amount of monoterpene and sesquiterpene fractions in the leaf oil of the Almeh sample (52.45% and 1.08%, respectively) was higher than those of the Sojogh sample (46.64% and 0.12%, respectively). The essential oil of stem of plants from Sojogh was characterized by the presence of eight oxygenated monoterpenes (22.17%), four oxygenated monoterpenes (11.15%), one monterpene hydrocarbon (2.71%) and one oxygenated sesquiterpene (0.21%) in the plant from the region of Almeh. Also, chrysanthenone (9.75%) as the second major oil component of Z. Clinopodioides of Almeh, found in the flowering stage of leaf, was not identified as the oil component of the other regions or species.
In general, the analysis of essential oils of dried aerial parts of Z. clinopodioides collected in the flowering stage showed that their main oxygenated monoterpenes pulegone and menthol (the region of Sojogh) and pulegone, 1,8-cineol, D-neoisomenthol and chrysanthenone (the region of Almeh).
џога садржи осам оксидованих монотерпена (22,17%), док су четири оксидована монотерпена (11,15%), један монотерпенски угљоводоник (2,71%), и један оксидо-вани сесквитерпен (0,21%) нађени у биљкама из региона Алмех. Анализа етерич-них уља осушених надземних делова биљака показала је присуство оксидованих монотерпена, пулегона и ментола (Соџог регион) и пулегона, 1,8-цинеола, D-нео-изоментола и хризантенона (Алмех регион), као главних састојака. Такође, хризан-тенон (9,75%), нађен као друга главна компонента уља из листа биљке Z. Clinopodioides из Алмеха, није био идентификован у другом региону или биљној врсти. Резултати добијени одређивањем састава уља биљке Z. clinopodioides из два реги-она провинције Голестан показују генерално да постоје извесне разлике у главним компонентама и њиховим релативним концентрацијама. Ове разлике вероватно по-тичу од различитих еколошких услова и генетских фактора, различитих хемотипо-ва и нутриционог статуса биљака, као и других фактора који могу утицати на сас-тав уља.
